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BEST AVAILABLE COPY 10/5 82 5 8 8 

AND A STRUCTURED MATERIAL 

FIELD OF THE INVENTION 

5 The preM „e invention re | ales ,„ , m d 

process, and a stnJC ,ured materiel ™ a "° n T <>"**»■ • 

BACKGROUND 

The rapid progress in microelectronics i« 

10 P"«c.sttaUhe number of nan Pr£Sen,e<l M °° re ' S U "' «*** 

"* of "^'stors per integrated circuit will continn, >„ a„ c, 
couple of years . n; s dmb| . «n.,„ue to double every 

with each succ^ve general of " ^ ^ *° d ^ 

— m ^ ^rinirr: *■ diff,cu,,y of 

economic^ fe, SiWe to ^ „ fe „ ow £^ * ** ^ * »" « ■» 

'5 compjexitv and ore time retired to a. *" *° B!P ° nea,ial i» 

«l~ 1. a c el ° P " ew f*™'"* of integrated circuits On ,h, 

other hand, the enonnons denand for memory chips as oono^ , 

ever sma „ CT mein o^ devices remains ^Z^ T ^ 
^ tensions of such devices emerge na^me" " " ^ Ch ~ C 

- s r dmm) ^ - — - - - 
» =ss:s^:r-■•r--••=:= , - 

8 poicmiaj oi a bitline connect on to the oil r»„^ <■ .l . 
of existing memory devices is th at , he mity ,„ ^ " °" 

«« h limited, p laci „ s „ upper „.„,,, ^ > h ^ *— - Of «* 

«gn tne gate length of each transistor 
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- m* OypicaUy .end ,00 „ in curren, .echnology), , he t01al surfacc area 

o, foo.p™, of each ceU is a. ,« an order of magnitude iarge, There is thus a need for a 
memoty device wfth a simpier struchue ,ha, wouid aMow a higher deasi* of celis ,o bc 
produced. uc 

>. b desired, therefore, ,o provide a memory device, an infection stotage process a 
process, and , sectored maKrial ^ ^ ^ „ ^ ^ • 

at least provide a useful alternative. 



1 0 SUMMARY OF THE INVENTION 

In accordance wfth me present invenlion , ^ „ ^ ^ 

mciudtng appiying pressure .0 and removing pressure from one or more regions of a' 
substance to store information in said one or more regions. 



and 



J 5 The present invention also provides a process in C h.H.,.„ « . • 

process, including applying pressure to «u.u 
removing pressure from one or more regions of relav^H a™ u 

c regions oi relaxed amorphous silicon to transform 
sa,d one or more regions into substantially crystalline silicon. 



The present invention also provides a process, including applying pressure to and 
removing pressure from one or more regions of a substance to change at least one property 
of said one or more regions. 



The present invention also provides a process, including applying pressure to ^ 
25 least a portion of each of said one or more regions. 

The present invention also provides a process inch,*™ » , • 

process, including applying pressure to and 

mmcvtng pressure 60m one or more region, of rel „cd amotphous siheon ,o •mnafotm a, 
leas. . portton of each of sard one or more regions to a, leas, one cystaihne phase. 
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1 7 F0VideS ' PrOKSS fM ~* »*- of substantia,* 

pressure from one or „„ re , eglons ofa subs , an , ial|y ^ m °™« 

eleetncai and/or phys.ca! properties by ap P ,ym g p ressure to ^ su 
on. o, more regions ofa substantia!* silicon substrate. 

The present iuvenuon aIs0 provides a memory device, i„c,udin g . p)llra% „ 
■0 cc s created by appl y tog pressure „ ^ ^ J ™ 

substance ,o cbange rbe CectHca, conductivity „ f !aid one or mo« regions ^ 

:;rr ^ * a — — • — - - 

.5 TV present invention als0 provides a memory device, inciuding a p,u ra ,i,y of sutalnMy 

The PreS e„, invention a,so pro videa a memory device, i„c,udin g a pte ali<y „f « regions 
e.ec.rca, conduct,^, and a, ,eas, one eiectncai.y conductive probe for dCeLni^ 

r:::;n of said reg,ons 10 d — ~ — - — * ; 

25 The present invention also provides a mem.,™ »w • , J - 

u • P'oviaes a memory device, including a plurality of first 

havn, a Srst electrical as , ^ rf J 

Pressure from said first regions , a plurality of ^ ~ 

conductivity, conductive wordlines adjacent said tw . • , • 
, ^ a ... "aajacent said fust regions and said second regions and 

conductive bitlines adjacent saiH . • , "gions. and 

m • • g '° nS 3,1(1 said second ^gions- wherein the 

30 conduct.v.ty of a seiecad one of sai d fa regioiK ^ ^ J, , ^ ™ * 

detemnned by accessing a correspond^ wordiine and a co„espo„di„ g bidine 
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The present invention also provides a memory device including . r , 
insulating regl ons of amorphous s.licon in a layer o ^T- ' ^ " 
«*~ of amorous SI , ic0 n formed by ^Z^~ ^ "* 

by changing an electrical property of silicon. 
10 The present invention also orovifW » 

The present invention also provides a «™n, w 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present inv^,; 

*>gure 1 is a schematic diagram illustrating nh« u 
?0 inH^f * er«n illustrating phase changes that occur during 

-U indentation of crystalline silicon (Si-I); urauimg 

Figure 2 is a graph of the load applied to crystalline silicon fSi n . « • 
penetration depth for loading and unloading- W 25 3 fUnCt,0n of 

3 ' 3 ^ ~- - PHstine Si-! and an indented 

-ge — — y ( XTBM } 

Figure 5 is a schematic diagram illustrating * 
Si- giam ,J1UStraUng the Preparation of relaxed amorphous 



region; 

25 
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Figure 7 i s a graph of Raman spectroscopy data from ™ 
dented regions in unannealed and an.ea.ed a- Si ? °~ d ^ » d 

^ c »v.tnir: i,lu ; traiine the mdentation ° f ~ *-» 

depth for Ling and I^diir ^ ^ ^ ^ " ' 

a ::r M micrograph ° f an w — ■*» ~ 

of ^e/a-Si * *- *- **« indentation 

"> the amorphous phase. " ^ Md SUbs « ^sformed baci, to 

Pig»re 14 is an YTPM ' n8W,,ha " phav '"S"^of77 ra ; 
15 the inden, i 0 fcrtto bm&m , 0 s . '" 8 - Ia,ttr ttansfonned regions w«bi„ 

-JSZ" " ' SCh£ma ' ic *- of a ~ — *« of a read-om. 



20 



DESCRIPTION OF BACKGROUND PRIOR ART 
Phase Changes in Crystalline cubic-Siiieon (Si-I) 
Crystalline cubic-silicon (also referred to as Si-I thr v 

25 «™«ion* during me chanica, defon„a t ion H J " " ° f 

We Aowa to[ crys , aII;ne dimond .2 '; ^ Uredi ^-i,e X pe, lm e 0B 

0M6X end became S,„ is o„^' ' ^ ^ ^ *<* « 3,. 4« 79 

in « unstable at pressures below ~ 2 GP a th» c- it , 

30 further transforation during pressure release. ""^S^ 
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Si-I undergoes a similar series of phase transformations during a process referred to as 
indentation, wherein an extremely hard indenter tip is pressed into the surface of a material 
by increasing application of force (referred to as the loading phase), and this force is 
subsequently decreased (referred to as the unloading phase) and the indenter tip removed 
5 from the now deformed or indented surface. Figure 1 summarises the phase 
transformations that occur during indentation loading and unloading of Si-I. As in 
diamond-anvil experiments, the initial Si-I phase 102 transforms to the Si-II phase 104 
under pressure; i.e., during loading. On unloading, the Si-II phase 104 undergoes 
additional transformations to form either the crystalline phases Si-XII/SWII 106 or an 
10 amorphous phase (a-Si) 108, dependmg on the unloading speed. Fast unloading leads to 
the formation of a-Si 108, whereas slow unloading results in the formation of Si-Xn/Si-III 
106, as shown. 

The results of indentation experiments of Si-I, and in particular the subsequent analysis of 
1 5 the indented regions using Raman spectroscopy and cross-sectional transmission electron 
microscopy (XTEM) are described below. 

The indentations were made using an Ultra-Micro-Indentation-System 2000 (UMIS) using 
one of two spherical indenters of ~ 5 m and ~ 2.0 m rad.us, at ambient temperature and 
20 pressure. Both the UMIS and the indenter tips were carefully calibrated using fused silica, 
with the radii of the tips also obtained by scanning electron microscopy. 

Indentation of Si-I 

Measurements of the force or load applied to the indenter tip and the corresponding 
25 penetration depth of the indenter tip below the original surface position during indentation 
of crystalline Si-I show evidence of the phase transformations described above. Figure 2 
shows a typical graph of the applied load as a function of penetration depth (also referred 
to as a load-penetration curve) 200 for Si-I using a spherical indenter tip of ~ 2.0 m radius 
and a maximum load of 20 mN. Consistent with the previously reported behaviour of Si-I 
30 indentation with a spherical indenter tip, this curve 200 shows a 'pop-in' event featxare 202 
during loading, and a 'pop-out' event feature 204 during unloading. (The inset 206 to 
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F,g. 2 shows the firs, d eriv ali ve „f the , Md versus ^ mor£ 

tn tcattng theposition of the pop-in even,) The pop , n £¥en , „ ^ „ ^ ^ f » 

of the Sl - ,„ S ,-,I phase *— 1« **, loading , and ^ 

fc s,„ M si-x^,,,, phase transfonnalion doring un , oad , ng Because s » n 

a ° ,bien ' " " a " Sf0n " S " ,he «"""« * **. loading 

As described in Gogo.si a, , M a, Res. 87,, C 000>, load-peneoation curves for 
.ndentatton of Si-, ,ha, incfttde a alope change or dlmng ^ rf 

pop-out even, ,„ dica ,e a Si-,, ,o a-Si phase transforation. Thus s„o„g Mcariona of 
Phase Wo™,a,io„s can he found by exam.ning suc!l dal , HowcV£r „ 
he Phase transfonne. tna,eria, s present after in.ema.ion, ftnthar characterise 

Kaman spectroscopy and XTEM. 



Raman Speclroscopy Following Indentarion of Si-I 

i5 Ranran spectroscopy is used ,o d e,ermi„e the presence of di ff er e nt phases of „ „ 

ZT V t Si " x " /S, " , "• Raman specm wre ° «-W 

2000 R™ a „ ftnagtng Microscope, using .he o32 . 8 „ elation line of a heHunr-neon 
tar. The specfta ware Ia ken using a laser bean, spot of M.Opn. radius, and .he beam 
mtatnty was kept low to av„i d la S er-induce d tranafonnationa 

Figure 3 shows a Ran.au apectnun 300 fton, a region of pris,i„e Si-, an d a Ranran 
302 ftom ffl h, dented regiM followto8 indemaijoo of ^ ^ 3ofl 

^en fton, the pnstine region ahows only the two Ra„an bands a, 520 cn," a„ d 300 cm"' 
n the ^ „ 302 mm ft ^ ^ jhMs ■ 

han ds 304 whtch arc known to be charac.eris.ic of the phases Si-ITI and SiOfn. 
XTEM Analyais after Indentation of Si-I 

XTEM satnples of the inuente. regions were prepared in order to d i K o„y itnage the 

2y. 1 c,T: !MP,eS " ' FEIxP200 

(FB) sys.=,» whtch uses a focus Sed hea m of Oa ions to accuracy spMter away ^ 
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— . material . leavins „ dectron transparem resion of 

CM 300 ope Iatlng a( 4n aC££ , eralj „ g vol , age rf M0 ky ^ uscd o ^ 

5 An XTEM i raag e of to s ,„ CMrc resu „ in| from ^ 

spfcnca, ,„ dento 10 . raaxiraura , oad ftrM of 2() ^ ^ sh(jwi » * 

~ « Mi0I mmi (SADp) 406 of ^ * - 

.0 Figure 4 was gcn ere.e d ^ . diffiMion M ~ 

" «• «- n- , a , 8 e number 0 ? 

. u,= s AD P « conflms te phase ttamfonned maiena| ~ 

- -S, is present. The a.SUO, „ „. tran!foraKd , cgjo „ ™ 

- ta d-* S ee„ as . „ fealure]css rc8iM ^ ^ *- 

T: °r ed ,o a or ™- m - - *™ "«**TJ£ 

formed by fast unloading. ' 
Electrical Measurements During Indentation 

Kes. 16, 1500 (2001), m . S uu electrical measurements during indentation of Si I 

tzt:t: is pos ; ib,e to detect - — - « - - " 

-tan, S -H phase on loading, and that on unloading the Si-H undergoes iurther 
transformations to form less conducting phases. 

25 Amorphous Silicon (a-Si) 

a-Si U m ——I phase in that » appears „ ^ 

2"*. - prepant ,„ ^ condiljons paflicuj ^ 

ZLT Md ' 513,6 as - depos,,cd - *-* *» *— » 

30 ; it; tem ™ a ° d • - <*— » — » " 

450 C). Md these Wo statts dispJay t range of propeny ^ 
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M ,si has bien folmd , 0 be sjgnifiMi]tly ^ Am 

states,-!. Tht reason for these differences is no, known. 

5 :::: :;r::::r ,r can be ~ * - 

minutes at a temoeraturp nf zKn<v • «'meaiea ior JO 

to transform to 'relaxed' a <3i n L - , 

10 a™ h , Oncknesses of the relaxed and untaxed 

1 0 amorphous layers were both measured to be - 650 nm hv Ruth, f a k , 

wjth , w„„ . ,. 0:>ull,n(, >' Ru ' he ffordbackscattering(RBSl 
wttb 2 MeV helmm tons, demonstrating tha, the annealing process was no, s, «• 
recrystaWze ,he a-Si ,a y er, and hence ,he layer remains amo Z 
are bo,h amorphous states of silicon. ^ * '™ — ' 

" SSS. ~ T,ON " — <>* THE 

£ Prefaced embodiment of the present invention are based on me Mowing new 

in the se, of experiments described be,ow, ,Si is used as ,he s,ani„g nt a ,l ,1 
denu* any lnstances rf phase ^ « - 'o 

20 above, fas, „„l 0 . dta{ , of si .„ ^ ^ ««cr.bed 

Indentation of unrelaxed a-Si 

Assbown in Figme 6, me Wpena.ra.ion curve 600 for indention of uneelaxed a-Si is 
-S predo m ,na„ u y feo,urelesa, a^ in pa nicuJa , no pop-in or pop-ou, even, are obs I H 

Raman Spectr.ac.py after Indentatio, of uaaelaxed -Si 
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including the broad peak associated with a-Si at 480 cm- m particular, there are no 
Raman bands characteristic of crystalline phases. 

XTEM after Indentation of unrelaxed a-Si 

5 Figure 8 is a XTEM image of an indent in unrelaxed a-Si. The SADP 802 from the region 
d.redy below the residual indent impression confirms that no crystalline phases are 
present, Seating that no phase transformations occur during indentation of unrelaxed a- 
S.. This observation is also supported by in situ electrical measurements. 

10 A schematic diagram representing the indentation of unrelaxed a-Si 902 is show, in 
*g«re 9. Unrelaxed a-Si undergoes simple flow during loading and does not undergo a 
phase transformation. 

laden ration of relaxed a-Si 

-5 As shown m Figure ,0. . ,oad-pe„e, ra ,io„ curve ,000 of reh*ed a . Si folIows tne same 
treud . the .oad-penetnuion curve 200 for a crystalline Si-I sarople (aa shown i„ Figure 2) 
w«h a pop-in even, ,002 during loading, and a pop-on, even, ,004 during un.oading. " ' 

Raman Spectroscopy after Indentation of relaxed a-Si 
20 as shown in Figure 7, a Rauun, speetnun 702 ,aken fron, an indent in re,a*ed a-Si inCudes 
four additiona, Raman bands 700 associated with the Si-Xn and Si-lII phases. These four 
ad uional hands 700 are the same four Ran,a„ hands 304 that appear after indention of 
S.-I, as shown ,„ Figure 3. Figure 7 a,so shows the broad peak 704 associated wift fc. 
surrcundiug a - Si a, 480 cm". Because Ranran specoscopy is no, aensinv. to differs 
beTween the two states of a-Si, R am au spectta fom fc ^ ^ ^ 
unrelaxed a-Si appear identical. 

XTEM after Indentation of relaxed a-Si 

As show, in Figure „. XTEM ana, yS)S of . residual toden, in reUxed a-Si cleartv 
dentonstra.es tha, a phase bas occurrcd . The ^ &M rf ) \ 
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was p^ced front the boHd dl(ftac , ion ^ ^ ^ 

diffraction pattern 1104. " e 

As described .cove, i„ contrast ,o untied a-Si. re ,a*ed a- Si undoes pbase 
load,„ g , rel a X ed a- S i , 202 transfonns „ ^ ^ ^ ^ » 

- —nts con*™ ,be Nation ,o an Cec^v C0Dducling ^ ol 

unloading, the S,„ pbase lW undergoes toher 8 ^ °" 

pr saute re ease. S,otv untoading ,eads to fc fotmatton rfSHaMHn 120 ^ , 

.0 tottoadang ,eads to ,be formation of a-S, „ is „ Ceas wbetber the a-Si le 2 
un.oad.ng „ „ ft. relaxed 0I ^ ^ J™- 

Elecical Properties of Si-XII/Si-IH compared to a-Si 
■5 M. dectrica. measure indicate (ba, the silicon phases s 

s, ~ y more co " duc,ing *- a - si ' * h is — - — .~ :: 

relaxed or unreiaxed stale. . "neuter in a 

Indentation of Si-XIl/Si-III (Re-i»<lenlalioa) 

* *m. tha the* phases too undergo a phase ^formation to Si-H on lo ad,„ 8 (at abom 
Z T * ~ U0Pa >> - » *• ™-D, again o ,Si on 

fa ta, phases to trastsfo™ on re-indentation is , ha , Utc y ate canned under the i den L 
2S and su^ed bv SM and/or re,a«d , Si. Under such conditions tbere are no pal^T 
other than transformation, for them to relieve fh. • P^ways, 

indentation. 6 C ° mpreSS,Ve Stress ^<*<* by 



30 
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Phase Transformations at the NanoscaJe 

Figure 13 shows a load-penetration curve 1300 for .dentation of Si-1 using an indenter 
w,th a tip rad.us of on, y 77 nm. The curve 1300 indicates a maximum penetration depth of 
-30 nm for a load of ^100 uN. The P op.n event ,30, on loading is chaotic of a 
Phase change from Si-I to the metallic Si-11 phase, as described above. The dashed line 

ZL of 1 7 IOad ^ CXPeCtCd ^ daStiC Si ^nt 

dev.at.on of the measured data 1300 from the theoretiea, elastic unloading curve 1302 

^tes that a fu rt her phase transforation occurs during Un , oading afte , n „ 

io r r r g8ests the fonnation ° f si " m/si - xn f ° r s,ow un,oad ^ « — I*- 

S. for fast unloading., as described above for indentation with micron-sized indenter, 
Annealing Processes 

Hearing the region of phase ^ fa ^ ^ ^ 

san.pl. to fcmperah™ abwe 200 . C and U p ,o 450°C for 30„.i„u,es cau.es ,he Si-Xn/M 
phase to undergo a finaher «ra„ S fo m a, io „ » ft e S ,, statt . Signiflcanay> ^ 
to . w,,hin ^fo^ region Si xim , s 

However, a-Si fc, SUTO unds ft* in de hlt d region (,,, a-Si ft,a, has no, undergone any 
- indent, doe S no, undergo a phase ftansformanon ,o Si-, when 
hea,ed to lemperarures up to 450'C for 30 n,inutos. Figure IS shows an XTEM i m age of an 

20 inden, in a thin film of relaxed a-Si 1401 one <i unit as - a 

ai '40, on c-Si 1403. After indentation, XTEM analysis 
(no, shown) comtaed 4a, *e indent portion of die a-Si dun fi ta lm m ^ 
Mrinri to fte Si-XJWD phaae, The sample was men heared to 450 X for 5 mins 
whreh caused die Si-XIMH phases to transform „ , he si , phase . ^ ' 
bngh, surface regions ,402 in fc XTEM image of Figure ,4. The bounding 

23 (undented, a-Si in thethin film ,40. remains untransfomted. 

THE PREFERRED EMBODIMENTS 

The ahove ma,, stnprisingly. reta ed a-Si can be transformed t o 

30 IT ^ anal08 °" S '° ** ^ ^ a 

30 .ras.sfomrahon to me Si-„ phase on toading, and undergoes ftanher transforms, on on 
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unloadtn,, fo mfag ^ s , x „ a „ d s , „ ^. ^ ^ ^ ^ 

«• *a. , is possibie ,o go fton . ciytmrx smcture to ^ ^ 
bade agat. by racctelicaIlv defom]illg Si (e . ft£r s . , or ^ a Mniro||£d 

shown .„ F, 8 ur. I2 . Hence „ js po ssib ,e l0 5tan ^ , elaxed ^ ; » 

w.th a slow uraoading rate, finish ^ or a J>»- 



Because he e^tnea, conductivity of silicon depends _ ^ fc 

° - — » .o eon.rofiab.y (and reproducibly) genej^ 

of unloadrag during indenttti0 „. Su£h r£8ionj cm ta Womied J - 

■5 The ability ,„ ^ and repta(cd|y ^ ^ 

amorous phase a„d one or raore cystine phases by app)yi„ 8 ^ „ moving 

^.gUar ec otfce, shaped anay of such regions can he used t0 provide ^ J ^ 
of an ^y. baS ed non-voM, ^ ^ * 

Phase Wo^ons have hee„ observe. ,o occu, during indent of „« 

toeraoty slorag e devices can be provided by .his teehnotogT 

For example, .he following write and erase aetions are possible: 
25 I. Write Load relaxed a-Si and alow unload to form-Si-XII/Si-III- and 

2. Erase Load the Si-XIMSMII and fast unload to fonn a-Si. 

MEMS - Integrated ReadrtVrlte/Erase Probe 

30 17 "J" V*""***" ° f - h ' — * device in which a piece of siheon >50 2 

T 7 ° ,K ' aXed * this layer 

- he created by firs, fo^ M 
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unplantation, and then relaxing the amorphous layer using a low t, 

step (e e 4S0°C fx ™ 8 te mperature annealing 

step (. S . . 450 C for 30 « under flowing njtrogen) A J 

proves an electrical contact to the back of the wafer 1,02 An inde t T 

used to 'write' bit, nf v , , indenting probe 1508 is 

5 Ill/Si XII t ^ ' CreaUne ***** 1510 insisting of S, 

5 III/S.-XII crystalline phases at selected locations on the relaxed am ^ 

1*4.* control the ^~«*t^^^^^ 
the unloading rate is ] ess than 3 tnN s < for a 4 2 7 *" 
indent • m ^ SphenCai ind ^ter tip) the 

~.r.-rr:r =2.-™- 

10 j/n, e |pr»H,> Q i ™ p pnase dunn g slow unloading /«- 

iu «/« eJectncal measurements during indentation nf.;r 

fr^ncr^ ^ ... ^dentation of silicon suggest that the resistivity of the 

A conducting probe ,5,4 ^ „ „ , he back 
' 5 V " 3 »— ' 1516 - be moved across te sur6ce of ^ m&r 

o 2 **— . conro drive, a ma.neHc actuatoe, pie 2 oe,ec«ric members and/or a Jl 
loenoon of , cystine (transformed) region ,5,0, e.eettca, curren, generated bv Z 

25 Conversely, when the probe 1514 i s n™;,;^,, 

determined in a ^ anaiogotl 1 2 ^ I5M » b = 

30 or an atomic • °80us to (hat used in a scanning tunnelling microscope (STM) 
atonnc force mtcroscope (AFM). Moreover, by representing one binary LL1 
insulating amorphous region Hi? a »H ,k , ^ S 211 

region 1512 and the complementary binary state as a crystalline 
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.he ^hous re8 , ons , 512 and Ihe crystalliM rcs . ons M predeMrmmed 
d, SI „ b u„o„ of si tt5 („, m e m0Iy « lls) , sucb as . rc8uUr ^ ^ show) 

5 In .„ e rab0 d iraent , to [hictes and Iherefore 
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In one embodiment, the memory device is a read-write device, and the indenter 1 508 is an 
mtegral part of the memory device. The indenter 1508 and the conducting probe 15 14 can 
be mounted on the same actuator assembly. 

Alternatively, a single conducting probe/indenter harder than Si-I can provide the functions 
of the indenter 1508 and the conducting probe 1514. Because the contacting area of the 
indenting probe 1508 is of the order of 10 nm in diameter, an indenting force in the uN 
range is sufficient to pro V1 de the ~1 ] GPa required to transform amorphous silicon into a 
crystalline phase. 

Alternatively, if the memory device ,s a read-only device, the indenter 1 508 is only needed 
to store the binary (or multi-bit) data (for example, during manufacture) and docs not have 
to be part of the memory device. An external indenter can be used in this case. 

15 The lateral dimensions of the memory cells can be as small as desired, subject to the 
physical constraints of the indenter 1508 and the conducting probe 1514 and electrical 
crosstalk between cells. Since AFM (and STM) tips of 10 nanometers are routinely used, 
the dimensions of the cells may be limited by the physical dimensions of the indenter 
1508, rather than those of the conducting probe 1514. Accordingly, nanometer-scale 
20 memory cells can be produced when the tip of the indenter 1508 is also of nanometer scale 
For example, Figure 13 shows a load-unload curve 1300 for indentation of Si-I using an 
indenter with a up radius of only 77 nm. 

Solid State Device - ROM 

25 In an alternative embodiment, conductive crystalline regions 1602 are formed at selected 
sites in a layer 1604 of relaxed amorphous sil.con over an insulating substrate 1606 {eg. 
sapphire), as shown in Figure 16. Thus the surface of the relaxed amorphous layer 1604 
can be considered to incorporate a rectangular array of sites 1602, 1608, comprising 
conductive sites 1602 formed by indentation wuh slow release, and insulating sites 1608 

30 where no indentation has been performed. A set of elongated parallel conductors 1610 i S 
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ln yet a further embodiment, a memory array device is based n„ „ • ■ 
Between 1S0 lated regions of L^ ^T^^^ 

electric^ conducting J^T^T! " 3 ^ * 

.niUaUy formed in . layer of ^ ^ ^177 ?~ ^ 

an amorphous regl0n can be ....J^^^ — °~ 
to form one or more conductive online phases § ^ 



Although the memory devices described above are based nn <r» r ■ 
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processes described herein can also be applied to a substance only during manufacture to 
produce a fixed structure including one or m ore localised regions having one or more 
property (which may or may not include an electrical property) that difler from those of 
the substance surrounding those regions. Such an arrangement is referred to herein as a 
5 structured materia,. For example, the structured material may be an array of (possibly 
nanoscale) regions of at least one first phase of a substance surrounded by at least one 
second phase of the same substance, such as an array of crystalline regions surrounded by 
an amorphous phase, or vice versa. As the electrical and physica, properties of the 
substance may differ between the various phases, it is envisaged that such a structured 
10 material may be useful in a wide variety of applications, including sensors. 

Accordingly, although the preferred embodiments have been described above in terms of 
phase transformations, it will be apparent that any property change that can result from 
applying pressure to and removing pressure from one or more regions of a substance can 
be used to form a structured materia, or to store infection. For e*amp,e, alternative 
embodiment, can be used to produce a structured material having one value for a particular 
property (which need not be an electrical property), with localised regions having one or 
more different values for that property. The localised regaons may be on a nanoscale 
According]* the substance can be any substance that is capable of undergoing such a 
20 property change by the application and removal of pressure. The substance may be an 
element or a compound. 

Many modifications Ml\ b e appa™, t0 those sW „ e d mllKm ^ lhm ^ ^ 

25 ZZl ^ PreSMt "' Ven,i0n " deSCribKl Wi ' h KferenCe '° * e —-"-»* 
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